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Methods

A PVC (=polyvinyl chloride) pipe of the
type described by Tratt & Burne (1980) was
used to obtain a 62 ¢m long core from near
the centre of Pillic Lake. Sixteen samples
(referrcd to as LP1 to LP16) were taken at
predetermined intervals in the core (their
position is indicated in Fig. 8). A portion of
each sample was crushed to a powder and
analysed by X-ray diffraction. The remainder
of each sample was treated with dilute
hydrogen peroxide. and then sieved and dried
for the recovery of ostracods and other fossils.
The prescnce and relative abundance of fossil
species in each sample examined was recorded.

Three horizons in the core (0-5 cm, 45-
50 em and 55-60 cm) were sampled for 1C
dating of bulk carbonate sediment. Samples
were crushed to powder and analysed by Dr
G. Stipp, without additional treatment, in the
laboratories of Beta Analytical, Florida. §*C
values were detcrmined by mass spectrometry
(Craig 1957) and were uscd to correct the 1*C
data for isotopic fractionation. No environ-
mental correction factors were applicd to the
dates obtained,

Samples for microbiological examination
(designated PIL-1 onwards) were preserved
with 4% formaldehyde (final concentration)
in lake water, In addition, samples of dried
mat were collected for later recovery of living
cyanobacteria. Wet mounts of samples were
examined using bright-ficld or phase-contrast
microscopy. Photosynthetic pigments were
extracted overnight (at 4°C) into 90%
acetone. After centrifugation to remove debris,
spectral scans were made using a Varian
Techtron 635 spectrophotometer.

Fauna were collected from the lake water
with a fine (150 ym) plankton net and later
preserved in alcohol (70% v/v). Macrophytes
found on the lake floor, mostly in the fissures,
were preserved in 10% formaldehyde.

Samples for water chemistry were taken in
the fissures (sec Fig. 2b) and stored in poly-
cthylene bottles until analyscs were performed
by AMDEL in Adelaide.

Results and Discussion
1. The modern lake and its extant biota.
la. Sctting.

Pillie Lake lies in a depression surrounded
by vegetated calcarenite dunes (Fig. 2a) and

has a small catchment area relative to thc
area of the lake floor. The lake is fed mainly
by rainfall and by groundwater discharge.
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The ostracods Mytilocypris praenuncia and
Diacypris spinosa were most commonly found
swimming among the charophytes and the
Ruppia plants, in the fissures filled with water.
The cladoceran Daphniopsis pusilla, which is
also a halobiont organism, was as common as
the ostracod. On the other hand few specimens
of thc amphipod Austrochiltonia australis and
the copepod Mesochra baylyi were colleeted.
The diversity of the fauna is low compared
with that for other salt lakes (e.g. lakes of the
Coorong region; De Deckker & Geddes 1980)
and is alse lower than would be expeeted from
the measured salinity, This low species
diversity probably results from a rapid in-
creasc in salinity during thc later stages of
desiccation, which could prevent hatehing
and/or maturation. Depletion of the fauna
would be assured if this were a recurring
phenomenon as very few organisms would be
able to complete their breeding cycle.

1d. Microbial mats and microbiology.

Microbial mats occupied a broad zone sur-
rounding an area of extensive charophyte de-
velopment and bounded by the belt of shore-
line lithification. At the time of sampling the
lake water had retrcated from the zone of mat
colonization. Thc shoreward margin of the
mats was dry and formed a hard crust.

The distribution of mat types appears to be
controlled by thc pattern of polygonal desic-
cation cracks beneath them (see Figs 3a, 3b).
Generally the polygon tops were covered by
flat mat (Fig. 3b; Table 1, PIL-7) while the
original crack areas were colonizcd by a mai
of raised and crenulatc appcarance (Fig. 3b;
Table 1, PIT-9).

The marginal devclopment of mats in Pillie
Lake is consistent with microbial mat coloniza-
tion of other ephemeral saline lakes (Bauld
1981a). The lack of mat accrction, or of pre-
servation detectable as buried laminated
organic matter indicatcd that colonization
during wetting pcriods is followed by desicca-
tion and subsequent aecolian erosion, which

Fig. 3. Polygonal cracks control growth pattern
of charophytes and microbial mats. (a) poly-
gonal cracks in carbonate floor of lake. (b) an
area of colonization by microbial mats. Coin
rests on flat mat; crenulate mat (see Table 1)
grows along and over thc now filled-in cracks.
(c) charophytes appear to preferentially colo-
nize filled-in polygonal cracks., Coin used for
scale 23 mm diameter,
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TasLe b, Description of microbial s, Pillie Labe,

Sumple l.ocation and description Microorginisms Photosynthetie

piziment

P11.-1 Carbonate crust, shoreline. Lithified  Occasional narrow (<5 um) fila-  Below detection
surface, soft and crumbly wnder-  ments, otten encased n carbonate.  limits,
necath, Thin blue-green layer (ca.  More f{requent short narrow  iri-

0.2 mm) 0.5-1.0 mm beneath sur- chomes. ldentification not possibie.
face (endolithic?), Diflusc, salmon-
pink laycr above this.

P17 Desiccated flat mat, top-centre of  Blue-green layer: Carbowe grains  Chlorophyll o
polygon (early stages of indura-  host single-trichome filamenls with  (see 1ig, 73,
tion?), Very thin carbonute coating  thin, hyuline, closcly  appressed
covers pale salmon-pink laver. A ca  sheaths. Some trichomes cncused in
2 mm thick, bright blue-grecn layer  carbonate. Cells co. 1112 pam long
occurs ¢a. 1 mm below surface, » 2 am wide, (Figs, 4 und S} Pherr-

Small, black irregular colonies occur  wildlum hendersonii {sensu Golubic

on surfuce. & Focke 197801, Black colonjes:
Most organic material withouwt dis-
cernible  structure.  Calothriv-like
liluments and colonial, coceoid cells
with dark brown stained sheaths
(Chroococens).

PIL-8  Marginal tefa head. White. lithified  Bright  bluc-green; appears to be  Chlopophvil a
surface; when broken reveals variety  clhusmolithic, mat-like growth. Filu-
of cndolithic colonjes, irregularly  mentous cyunobacterium  {(Phormi
distribinted within ca. § mm of sur- i) entangled with cocci (Chro-
face. acoccns?) (see Fig. 6),

Colonies  have bright  blue-green  Possible  Nostoe., Bluck “colonies™  Chlurophvil o
(passibly chasmolithic). pale brown  contain unidentified filamentous cy-
to tan, and diffuse salmon pigniento-  anobacteria.
tion. 10-20¢ of lithified surface
covered  with  black  “colonies™,
which appear green to ycllow-brown
when crushed.
PIL-9  Raised crenulate-like mat from  Black “colonics” comain Chroococ-  Chlorophyll a

polyzon margin, contiguous with flut
mat. Black “colonies”/concretions
<1 mm across and partly sub-
merged in flat mat (PIL-7). Black
crust continuous on crenulale ridges,

cns  urgidus  (colonial, coccoid),
Filaments of Calothrix sp. present.

would remove these surficial mats  (Bauld
1981a, 1981b).

The microorganisms  constructing  and
present in the mats are given in Table 1. The
desiccated condition of the mats and the poor
state of microorganisms, combined with their
low populations rclative to detritus and car-
bonate scdiment/cement (Figs 4. 5), made
identification difticult. Prolonged wetting of
dried mat samples under laboratory conditions
cnabled some microorganisms to grow. This

Fig. 4. Photomicrograph (phase-contrast) of fila-
mentous cyanobacterium, identificd as Phormi-
ditm hendersonii, from the bluc-grcen laver of
flut mut (PIL-7), cells of the trichome protrude
beyond thc end of the shcath, which appears to
be coated with carbonate or some other in-
orginic material. Scale bar 50 pm.
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demonstrated their presence in the field mats
but not necessarily their relative dominance
in the constructing population.

Endolithic microorganisms (Fig. 6) were
detectable in the lithified carbonate mounds
(PIL-8, Table 1) which occur along the lake
margin. Blooms of purple bacteria (photo-
synthetic sulfur bacteria) were observed in
the bottom waters of some of the polygonal
fissures. Their occurrence indicates anoxic
conditions, most likely resulting from decom-
position of organic matter. The occurence of
photosynthetic microorganisms in mats, lithi-
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Fig. 5. Photomicrograph (phase-contrast) of P.
hendersonii from PIL-7 showing binding effect
of the ensheathed trichomes on carbonate grains
in the mat. Cell can be seen protruding beyond
cnd of sheath at right. Scale bar 50 pm.
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Fig. 6. Photomicrograph (phase-contrast) show-
ing filamentous cyanobacterium (Phormidium?)
and coccoid organism (Chroococcus?) from
mat-like chasmolithic growth (PIL-8). Scale bar
50 #m,

fied carbonate and other environments was
confirmed hy extraction of the photosynthetic
pigments chlorophyll a and bacteriochloro-
phylls @ and ¢. (Table 1 and Fig. 7).

le, Water chemistry.

The field pH of Lakc Pilliec water was 8.55,
a value close to that (8.6) determined later
by AMDEL, The water had a conductivity of
46 388 4S cm and contained 36 235 mg 1-1.
Total Dissolved Solids (TDS) comprising the
following (in mg 1-1): Ca2+, 93; Mg?t,
1236; Na+ 11 980; K+, 275; CO¥%, 39; HCO3,
339; SOF, 3819; Br, 49: CI, 18550; F-,
6; NO3, <5; SiO,. 7.6; B, 882. Total alka-

linity as CaCO, was 343 mg |-

2. Holocene record
2a. Sediment type

Three zones arc recognized in the core
(Fig. 8). The upper zone (0—43 cm) consists
of uniform white mud with scattered skeletal
grains. The intermcdiate zone (43-50 cm)
comprises olive grey mud with layers of coarse
carbonate sand and one horizon of root fibres.
The lower zone (50-62 cm) contains purple
brown mud with white clay lenses and streaks,
and scattered fine carbonate sand grains. There
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Fig. 8. Lithology, geochcmistry,.f;ossil ostracods and other fossil remains recorded from Pillie Lake
core, together with past salinities of the lake inferred from fossil ostracod data.

Fig. 9. 1=3; Limnocythere mowbrayensis —1,
&, C, dorsal, LPS. :
distal segment. of posterior appendage, L.P2;

4: Elphidium sp.,

Leptocythere lacustris, —7, 1LV external, LPII

spinova, —9, juvenile, RV external, LP10; —10,
LP10; —20, LV external, LP10; —22,
LV external, LP2: —13, RV internal,
— 14, juvenile, dorsal view,
—19, apertural view, parl “of aperture broken off, LPI.

LP10; —18, RV internal,

LP1;

—17 juvenile, LV internal,

LP1;

juvenile,
RV internal,
anterodorsal area broken off, LP2,
—135, juvenile, apertural view, LP1; —16, juvenile, ventral vicw.

—&8,
LPIO.

5”, LV external, LP2;
side view, LP16.
—6 {ragment ol spine attached to telson. LP2.
LV internal,
RV external, LP10; -—-II,

LP11. 9-11,

20,

—2, 9, RV cw:rnal. LP2; ~—-1
5-6: Ilulomscus searlei, —5, lragment of’

7-9:

22 Diacypris
LV internal,

12-13: Mxtilocypris mytiloides, —12,

28, 31-33: Cyprulms australiensis, —21, juvenile, RV exiernal,

LP1S;

d. C, dorsal,

Ly extcnml

LP12.

—24. 4, RV internal, I_PIS —28. d, LV external,
LP15: 33, 9.

LPIS; —31, 9, C dorsal, LP15;
260-27: I’Iur\cypris hmwn —26, RV e\mzrn.ll dor-

14-16,

19: Coxiclla sp.,

17-18, 25; Mytilacypris praenuncia,

LIP15:

LP10: —25§, LV external, LPS. 21, 23.24,
—23, juvenile, LY C\tern.xl

—32,
29-30:

sum distorted and pnrtly broken off, 1,P4 —27, LV internal, dorsum broken off, LP4,
Reticypris sp., —29, RV external, LPZ. ——30 RV intermal, 1.P2. 34-36: Lamprorhammmn papu-
lost, oogonia, all Side views and all LP10. 37-39: Diacypriy compacta, —37. LV dorsal, LP14;
—38, LV exlernal, LP14; —38, LV external, LP14; —-3Y, hV internal, LPP14. C—ctnr'upau LV,
RV = left and nght valves. Scales: 200 pm for 1-4, 7-8. 2: 500 /xm for 5-6. 12-16. 19. 3: 500
o for 9-11, 20, 22, 34-36. 4. 250 um for 26-27; 500 um f’or 17-18, 25. 5: 500 um for 21, 23-24,
28, 31-33. 6: 200 pm for 29-30, 37-39.
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